S.1. AUTOCORRELATION TIME
We present detailed autocorrelation analysis for the allPE simulations. The autocorrelation time depends on lipid diffusion, so we expect these results to be reasonable approximations for the lipids in all simulated systems. The autocorrelation time t ac is defined as twice the exponential decay time 1 ,
where C(t) is the normalized autocorrelation function of eachρ i -bin in a one-component system,
averaged over all M bins and N = 512 lipids.ρ is the single lipid midplane distribution, i.e.,ρ i (t) = 1 if the lipid in question occupies bin i at time t, andρ i (t) = 0 otherwise (for a one-component bilayer, 
S.2. LIPID COMPONENT DISTRIBUTIONS
Here we present the densities Table 1 in the main text, and shaded areas to the standard error of the mean, shown only for the CL0, CL12 and CL12b systems.
S.3. LIPID DISTRIBUTION ALONG THE BUCKLED BILAYER
Here we show the (x, z)-densities for the innermost tail-beads and the head-beads for each lipid component in the CL12 simulation. In addition to depicting the results in Data from the CL12 simulation.
S.4. ION DISTRIBUTION
Here we present (x, z)-density plots for the ions in the CL0, CL12 and CL12s simulations. The first two systems contain only counterions (128 Na + ions distributed along the bilayer surface). The CL12s simulations contain additionally 207 Cl − ions, and corresponding Na + ions, yielding a total of 335 Na + ions. We observe that Na + ions distribute along the bilayer surface, while Cl − ions localize away from the bilayer.
S.5. ENHANCEMENT RATIO
Here, we give a detailed derivation of Eq. where µ j is a Lagrange multiplier (chemical potential) from enforcing condition (S.4), and α(s) is a function that acts to enforce the point-wise constraint (S.5). We find
The same point in s opposing monolayers has the same curvature with opposing sign (K upper (s) = −K lower (s)). Thus, considering both monolayers yields
Since the monolayers are symmetric the chemical potentials are the same. α(s) is however not symmetric across the bilayer, but fortunately it does cancel for expressions of relative fractions (log(ϕ i /ϕ j )). Thus, we finally arrive at the relation
S.6. ADDITIONAL SUPPLEMENTARY FIGURES
Here we show a detailed version of Fig. 3d , where we depict the standard errors for each curve as a shaded area on separate panels. the shaded areas correspond to the SEM for each system, which were omitted for clarity in Fig.   3d .
